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Abstract 
Different green supply chain (GSC) operational activities may involve different risks and risk factors and or drivers. 
Its effect could be delay in order, quality damage or may even loss in business, if managers do not account them on 
timely. To meet the consequences, therefore, in this paper, we attempt to focus on the operational GSC risk 
evaluation and management by capturing of uncertainty and evaluating the risks by means of simulation to 
demonstrate the delay/disturbance consequences of the risk (i.e., the loss in business). This work follows a 
procedure in which, initially, the various uncertainties have been identified and assessed. Later, a risk evaluation has 
been followed in which the Monte Carlo Simulation (MCS) results exemplify the delay/disturbance consequence of 
the risk is carried out. Inputs in this research are taken from a GSCM case example of an Indian poly plastic 
manufacturing company.  
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1. Introduction 
 In the modernized world, supply chain management (SCM) to be one of the key areas in order to improve 
the efficiency of business. In addition to this, SCM is one of the important areas considered as a potential candidate 
for the implementation of the green or environmental aspects [1-3]. To accomplish the environmental 
responsibilities at an industrial standpoint, the perception of green supply chain (GSC), and green supply chain 
management (GSCM) has been evolved [4-6].  
 Every business activity in GSC, however, is consisting of various risks and risk factors and or drivers [7-8]. 
The occurrence of the different risk may impact the system adversely, and even results loss in business, if managers 
do not account them on timely [9-10]. Thereby, it is significant to argue on the concept of the risks in GSC. Even 
though there has been a large amount of research is going on throughout the globe on GSCM; in spite of this, the 
management of risks is still found to be a gap of analysis in GSC dimension [11].  
 The current research context focuses the operational GSC risk evaluation and management by capturing of 
uncertainty and evaluating the risks by means of simulation to demonstrate the delay/disturbance consequences of 
the risk (i.e., the loss in business). The work proceeds in a manner that, initially, we identify and access the 
uncertainties related to the subject of analysis, which helps in evaluating the GSC operational risks. And later, to 
demonstrate the delay/disturbance consequences of the risk, a simulation based approach (Monte Carlo Simulation) 
is used. The GSCM case study example of an Indian poly plastic manufacturing company is discussed in the 
research. The reason of conducting this case study is to scientifically evaluate and analyze the risks influencing the 
GSC under study in terms of the nature of their consequences.  
 The remaining of the present article is prepared as follows. Section 2 describes the operational risk in the 
context of GSC. In Section 3, the proposed framework for this research is presented. Section 4, contains the 
empirical case study along with the application of the proposed framework to the discussed case. Finally, a summary 
of the work, conclusions and directions for future research are given in Section 5. 
 
2. Operational risks in GSC 
 
 It is very difficult to foresee something very accurately, and it is because of the uncertainty that leads to 
risk [12]. Meaning that, uncertainty limits the system capability to obtain probabilistic estimates for any event. 
That’s why, risk, which an unavoidable phenomenon, is recurring in almost all activities, and accordingly, affecting 
the system respective process, operations etc [13].  
 Concerning to supply chain system, for a holistic view, it is crucial to have knowledge for risk 
understanding and how to manage them can be greatly beneficial for managers to reduce their consequences [14-
15]. Given that, GSC is stated as the combination of set of activities of SC that includes an environmental 
component in its each and every stage [16].  
 With regard to supply chain management, according to literature, risk is all about ‘disruption or 
disturbance’ in various activities of supply chain, and that results to some undesired happenings or consequences 
[17]. Looking for a more objective/quantitative definition, risk is given in the form of loss, which can be expressed 
in terms of the relationship of probability of that loss and significance of that loss to the individual or to the 
organization/system. Thus, for an event (i); ୧ ൌ  ሺሻ୧ ൈ ሺሻ୧. 
 The operational risks in GSC context, is given as risks with relevance the design and implementation of the 
green method among and within the organizational GSC [8]. More specifically, it can be defined as the risk of loss 
resulting from inadequate or failed internal green processes, operations, methods, workforce, systems, etc. 
 To manage the consequences, it is needed to include the risk management practices in the plans of GSCM. 
There is therefore a framework is proposed in this research, whose details are given in the next section.  
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3. Proposed framework 
 
 Based on the critical review of literature and expert’s judgments, the operational risks and its risk driving 
factors in GSC context have been identified. These risks were evaluated using industry expert judgments. Whilst, to 
analyze the risk consequences that measured in time in terms of delay/disturbance (i.e. business loss), a simulation 
based approach of Monte Carlo Simulation (MCS) was used. However, the proposed framework of this research 
work is illustrated in Fig. 1 shown below.  
 
4. Empirical case study 
 
 To fulfil the purpose of this work, we have identified an Indian GSCM case firm example. The firm is well-
established and has a distinguished place in the plastic manufacturing sector. The main business of the firm belongs 
to manufacturing of plastic engineering components and assemblies for the automobile companies. Firm is ISO 
14001 certified and adopted green trends in their supply chain management. The managers of the firm are seeking to 
identify and evaluate risks related to the operational network in GSC at shop floor level, which may help them in 
gaining high profits. To meet this, the proposed framework is applied to the example discussed initially in the 
section. The details are given below:  
 
                                                                                                                           
                           
 
Fig. 1. Proposed framework of the research. 
 
4.1 Identification of operational risks in GSC in question 
 
 A source of literature is used to identify the operational risk factors or sources for GSC in question. To 
make it more authentic and reliable, the expert group from the case GSC has also been consulted. The expert group 
consists of four senior managers, three IT representatives and three supply chain professionals. Thus, based on 
literature and expert opinion, a total of five/four operational risk factors selected (see Table 1). These risks were 
evaluated and analyzed to examine the effect of these risks in terms of nature of their consequence; details are given 
Identification of operational risks in GSC through 
literature and industry expert judgments  
Evaluation of identified risks and risk driving factors 
using industry expert inputs   
To analyze risk consequences (measured in time) in terms 
of delay/disturbance (i.e., business loss) using Monte 
Carlo Simulation approach through industry expert inputs   
Discussions, summary and conclusions  
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in subsequent sub-sections. 
 
4.2 Evaluation of identified risks and their consequences 
 
 After identifying the risk, we evaluated these risks in order to determine their consequences with regard to 
the GSC under study. The opinion of expert participated in the group were decisive in this context. On discussion 
with experts, the probability of occurrence of the identified risks and their consequences were analyzed (see Table 
1). The risk consequences were classified into five dimensions Time, Brand image, Economic, Health and Safety, 
Quality etc. There are two sub-dimensions, i.e., delay and disruption have been included into the Time based effect 
dimension.  
 After identifying the risks and evaluating their consequences, we move to distinguish the delay/disturbance 
consequence of these risks. This delay/disturbance consequence was modelled in the form of triangular distributions 
[15].   
 
Table 1. Operational risks and their consequences. 
Description Probability  Time  Brand 
image 
Economic Health 
and 
Safety  
Quality Risk 
score 
(RS) 
  Delay/dis
turbance  
Disruption Damage  costs Harm/d
amage  
 
Unfavourable/
poor 
 
Machine, 
equipment or 
facility failure 
(O1) 
5 3 1 1 3 1 1 50 
Process design 
risks (process 
and 
procedural) 
(O2) 
5 3 3 1 5 1 1 70 
lack of skilled 
labour (O3) 
3 3 9 3 3 1 3 66 
Green 
technology 
level 
inadequacy 
(O4) 
5 3 1 3 5 0 3 75 
System 
/software 
failure (O5) 
1 3 3 3 3 1 9 22 
 
 
 Prior to this, a scale that analyzes the likelihood and consequence of the risks is designed (for details please 
see Table 2). The basis for this scale was the expert’s opinion. After this, the expert’s response with respect to the 
green supply chain risk factors and their consequences on considered aspects were obtained as shown in Table 3. 
Finally, a risk score (RS), as shown in the last column of the table is calculated. It was calculated by multiplying the 
2190   Sachin K. Mangla et al. /  Procedia Engineering  97 ( 2014 )  2186 – 2194 
sum product of the likelihood of the risks with their consequence measures. 
 
Table 2. Linguistic scale used for data collection. 
Linguistic scale description Corresponding probability value in terms of %  
1 No/minor .0001  
3 Low .0045 
5 moderate .0025 
9 High .01 
 
 
Table 3. Summary on likelihood of delay/disturbances and its consequences in GSC under study. 
Description Probability of 
occurrence  
Delay/disturbance in terms of time (days) 
  Min  average  max  
Machine, equipment or 
facility failure (O1) 
0.0025 0.25 0.5 1 
Process Design risks 
(O2) 
0.0025 0 0.25 0.5 
lack of skilled labor 
(O3) 
0.0045 1 3 7 
Green technology level 
inadequacy (O4) 
0.0025 0 0 1 
system /software failure 
(O5) 
0.0001 1 4 10 
 
  
 In this work, the Green technology level inadequacy (O4) risk has got the highest RS equals to 75, and 
thus, obtains the highest ranking. Further, among various dimensions of risk consequences, the time based 
dimension is the maximum one to be affected, i.e. time delay or disruption is the most serious one.  Economic 
dimension is the next one to follow (see Table 3 for more details). Concerning to economic dimension, the loss in 
business can also be calculated. The time-period for evaluating the risks is taken to be 90 days.  In that case, 
economic loss in business for a quarter due to risks may also be calculated and is given as:  
 
Economic loss in business for a quarter = total disruption in time in days × working cost per day                 (1) 
  
 It should be noted that, the current study does not quantify the weights or proportion of different risk 
consequences, which may misinterpret the findings to the managerial point of view.  
 To deal this, a simulation based approach i.e., Monte Carlo Simulation was carried out, which evaluates the 
cumulative risk consequences of delay/disturbance; other details are given in next sub-section. 
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4.3 Use of simulation approach 
 
 To model the delay consequence of the identified risks, the simulation approach is used [15]. For this, time 
measure was used to model risk consequence and probability. Particularly, the variation in the distribution of 
possible outcomes, their likelihood, and their subjective values has been examined. The benefit of using simulation 
is that it assists to recognize an extreme risk scenario [18], which is due to the reason that it can assign a choice of 
ratings to a particular factor or variable (e.g., min, average, and max). To feed the inputs needed for Monte Carlo 
Simulation, the same expert group was used. Further, graphical version @Risk 6.0 is used to perform the required 
computations and computes the risks and uncertainties.  
 Prior to this, we computed the probability measure for each risk in corresponds to its risk-likelihood 
measure (see Table 2). It was based on the opinion of the experts. Then, we assign the delay/disturbance 
consequence of each risk driver on GSC performance through expert’s opinion. These consequences were modelled 
as probability distributions. Next to this, single simulation and 20,000 iterations were used to analyze the uncertain 
conditions for the GSC under study, and the outcome is shown in Fig. 2. The shown delay/disturbance profile of the 
risk consequences were analyzed at 95 % confidence interval. 
 An advanced sensitivity analysis test (Sensitivity Tornado) has also been performed by the use of @Risk 
6.0 software to determine the effect of inputs (risks) on the mean of the output (delay/distribution profile of the risk 
consequences) as shown in Fig. 3. It can be clearly deduced that the ranking or preference order in terms of their 
effect on output mean is given as O3 - O4 – O1 – O2 - O5.  
 
 
 
Fig. 2. Simulation result report of risk consequences (delay/disturbance profile) for the GSC under study. 
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Fig. 3. Sensitivity analysis results of risks in GSC under study. 
 
5. Summary of the work, conclusions and directions for future research 
 
 The work presented in this paper is an initial effort that extends the viewpoint of managing risks in the 
context of GSC. This work seeks to maximize the GSC ecological-economic gains and ensures sustainability in 
business.  The contribution of this work can be summarized in two steps: in the initial step, the different risks related 
to the operational network in GSC have been recognized, and measured to evaluate their consequences. In the final 
step, the consequences of the risks specifically in terms of delay/disturbance have been analyzed. Based on the 
previous studies and inputs received from the experts, a total five operational risks in GSC were identified and 
evaluated to analyze their consequences in terms of Time, Brand image, Economic, Health and Safety, Quality etc. 
The maximum consequences were seen in time based consequences and that was measured in terms of time 
delays/disturbances and disruptions. Further, the human-based assessment unable to give extreme scenario and so 
simulation was used. Monte Carlo Simulation approach was used to analyze the operational risk factors and their 
consequences on the performance of GSC. In addition, it also helps to capture the uncertainties in the inputs. A 
sensitivity analysis test was performed to capture the consequences of risks on the delay/disturbance profile mean.  
 It has been believed that this study provides valuable information for the managers of the case company in 
accessing and managing operational risks in their GSC design to reduce and manage the consequences.  
 The finding of this research work primarily depends upon the knowledge and experience of expert, which 
may distort the process of decision-making due to human bias. Therefore, some measures may be taken in future 
studies to overcome the human subjectivity.  Further, due to a single design case study approach, this study may lack 
in terms of generalizability [19]. Thus, empirical research may be conducted in future studies to better explore the 
problem and analyze the results to improve the overall performance. The aspects of risks consequences related to 
Benchmarking and Competitiveness may also be targeted as a future area of research in the GSC context. 
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